Novel devices have been designed, fabricated, and tested that use the Lorentz force to excite flexural plate waves in a silicon nitride membrane. Single and dual port devices have been fabricated and the excitation spectra measured. Eigenmodes of the membrane are excited in this resonant device and non-linear effects, due to amplitude stiffening of the membrane, are observed.
INTRODUCTION
Conventional flexural plate wave (FPW) devices use interdigitated electrodes patterned on a piezoelectric film to excite and detect acoustic waves in a thin membrane [l] .
Unfortunately, the piezoelectric materials are difficult to process and are typically incompatible with conventional silicon process technology.
Furthermore, piezoelectric excitation limits the forces that can be applied to the membrane due to dielectric breakdown.
To overcome some of these limitations, a new type of FPW resonator has been constructed that utilizes a meander-line transducer in a static magnetic field to excite acoustic waves in a membrane via Lorentz forces [2] . Such a device is shown in figure 1. where k is the wavlenumber. For the devices considered here, the membrane tension is a major contributor to the resonant frequency.
Thus, variations in residual stress in the low stress nitride membrane will cause variations in the resonant frequency. Similarly, large amplitudes of oscillation, resulting from the large driving forces and large Q, effectively stretch the membrane and raise its average stress. This "amplitucle-stiffening" effect, observed in other microstructures [4], will also cause significant frequency slhifts.
Efficient excitalion of the eigenmodes by the 78, 6.45, 4.69, and 2.38 kG.
EXPERIMENTAL RESULTS
The devices were fabricated using conventional lithographic processes on 200pm-thick (100) silicon wafers coated on both sides with 2 pm of low stress nitride. The MLT is 0.5 pm gold over a thin Cr adhesive layer. Typical DC resistance is 25 Ohms. The impedance response of a single-port device with a 2.2 x 3.4 m membrane is shown in figure 2 . The wavelength of the standing wave is (Fig. 3) . By examining several devices with different wavelengths, the dispersion curve (a vs. k) can be plotted (Fig. 4) For these devices membrane stress is an important contribution to the resonant frequency (Eq. 2). Thus environmental factors that can influence the membrane stress will result in shifts in frequency, e.g. temperature, pressure, etc. Since the bending moment is less sensitive to environmental factors, use of this device for these sensing applications is best achieved by maximizing the stiress contribution relative to bending moment.
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3D2.05 frequencies. Eventually the excitation frequency exceeds the resonant frequency, amplitude decreases, and resonant frequency drops. This results in a discontinuity in impedance at higher input powers. This behavior is shown in Fig. 5 . Note that very small input power levels are required for amplitude stiffening to become important. This is because of the large Qs of these devices. At higher power levels the impedance becomes a triple-valued function and sharp transitions occur between states. 
7 LHdmW.
Many other factors such as differential pressure, strain, and temperature change the stress in the membrane and the :resulting frequency shift can z e 1 be used for sensing applicaths. A An -interesting example is shown in Fig. 6 . Here the MLT has DC current simultaneously applied with the RF excitation current. The DC current heats the membrane with respect to the silicon frame which lowers the tension in the. membrane and decreases the resonant frequency. This effect has the opposite sign Because of the strong sensitivity of the resonant frequency to stress and the resonant nature of the device, amplitude-induced stiffening of the membrane can result in frequency pulling effects. As a standing wave is excited in the membrane, the membrane is stretched and the average tension increases. This shifts the resoinance to higher over a range-of 20 kHz.
The ambient gas in which the device is operated also has an effect on the resonant frequency. For these devices the phase velocity of the FPW is less than the sound velocity in the gas. Consequently, the membrane does not radiate sound, but generates an evanescent field that entrains the gas near the membrane surface. This provides additional mass loading on the membrane and decreases the resonant frequency. A simple model for this loading by the entrained gas gives:
where Ns is the number of membrane sides contacted, p is the gas density, f is the resonant frequency, v is the phase velocity of the FPW and c is the velocity of sound in the gas. The expected linear dependence of frequency shift on gas pressure is shown in Fig. 7 . The difference between gases is due to their different densities. The gases also have an effect on the Q of the resonance. The standing waves in the membrane generate alternating high and low pressure regions at the membrane surface. This results in lateral flow of the gas across the membrane surface and damping of the resonance due to the viscosity of the gas [ 5 ] . A simple equivalent circuit model for this effect gives:
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where q is the gas viscosity and R2 is a resistance in the equivalent-circuit model. The expected squareroot dependence on pressure is illustrated in Fig.8 . The variation between gases follows the expected square-root of density-viscosity product. These interactions with the gas phase provide an additional mechanism for sensing applications.
SUMMARY
This paper describes a new device, the magnetically-excited flexural plate wave resonator, and some of its characteristics and the phenomena that are observed with it. We believe it has great potential for sensing applications because of its sensitivity to membrane tension and its resonant nature. It also offers greater displacement amplitudes for pumping applications.
